Bacteriorhodopsin is a small polytopic membrane protein containing seventransmembrane α-helices coupled to retinal via Schiff base linkage to Lysine 216, near the middle of the seventh helix. Light energy involves photoisomerization of the retinal from all-trans to 13-cis,15-anti followed by transitions between a linear series of intermediate conformations [1] .
INTRODUCTION.
Bacteriorhodopsin is a small polytopic membrane protein containing seventransmembrane α-helices coupled to retinal via Schiff base linkage to Lysine 216, near the middle of the seventh helix. Light energy involves photoisomerization of the retinal from all-trans to 13-cis,15-anti followed by transitions between a linear series of intermediate conformations [1] .
Coupled structural changes regulate the pK a s of critical proton binding sites leading to proton transport. The structures of the ground state and M2 are known and demonstrate that reorientation of the F and G helices comprise the major structural change [2] . The molecular interactions that drive the transitions between these intermediates are still unknown.
Replacement of aspartate 85 (in helix C) with an asparagine (D85N) isolates a subset of the conformational transitions accessed during proton translocation [3] . In the absence of photoexcitation, three spectrally distinct species exist in equilibrium and their relative concentrations are regulated by pH. At neutral pH, the protein exists in an O-like state (λ max = 615 nm, appears blue). As the pH is raised, an N-(λ max = 570 nm, appears purple) and M-like state (λ max , 410 nm, appears yellow) become populated. The transitions between M, N, and O reset the major structural change and proton binding site pK a 's.
METHODS.
To investigate the molecular interactions driving the large-scale conformational changes of the bacteriorhodopsin photocycle, we used in vitro gene assembly to perform a cysteine scan of the F and G helices of D85N. Cysteine mutations that disrupt amino acid interactions critical to the transitions between the M, N, and O intermediates will perturb the pH dependent spectral changes of D85N.
We developed a whole cell reflectance spectroscopic screen to evaluate the intermediate state transitions of the 59 mutants generated during a scan. Cell suspensions were transferred to a nylon membrane and equilibrated at pH 7.5, 9.0 and 10.5. Whole cell spectra were recorded at the reflectance port of an RSA 150 integration sphere coupled to a Perkin-Elmer λ18 UV/Vis spectrophotometer. Mutations with similar spectral phenotypes were mapped to the amino acid positions in the 3-Dl structure of BR (1C3W, [4] ). (Fig. 1) and (3) the amino acid side chain interactions in the extracellular portion of the interface between helices G and A regulate the accumulation of the M. The amino acids involved in the transitions are remote from the location of the major structural change indicating that long range energetic coupling regulates the movements of transbilayer helices. 
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